Experimental

Materials
For the preparation of CuI electrodes, copper(I) iodide (CuI -Sigma-Aldrich, ≥99.5%) and acetonitrile (Fischer Scientific, HPLC grade) were used. For the synthesis of the CsPbBr 3 nanocrystals, lead(II) bromide (PbBr 2 -Alfa Aesar, 99.999%), cesium carbonate (Cs 2 CO 3 -Alfa Aesar, 99.9%), oleic acid (OAc -Sigma Aldrich, 90% technical grade), oleylamine (OAm -Sigma Aldrich, 70% technical grade), 1-octadecene (ODE -Sigma-Aldrich, 95%,), acetone (Fischer Scientific, HPLC grade), n-hexane (Sigma-Aldrich, 95% anhydrous), n-heptane (Sigma-Aldrich, 99% spectrophotometric grade), and ethanol (KOPTEC, 200 proof, anhydrous) were used.
The electrochemical experiments were carried out in dichloromethane (DCM -Sigma Aldrich, anhydrous, ≥99.8%, contains 40-150 ppm amylene as stabilizer) which was dried over 3A molecular sieves. Tetrabutylammonium hexafluorophosphate (Bu 4 NPF 6 -Sigma Aldrich, for electrochemical analysis, ≥99.0%) was used as the conducting electrolyte. This was dried in a vacuum oven at 180 °C for 6 hours. The water content of the solutions was monitored by Karl Fischer titration, and kept below 10 ppm.
CsPbBr 3 nanocrystal synthesis
A hot injection method adapted from the literature was used to synthetize the CsPbBr 3 nanocrystals. 1 Briefly, a Cs-oleate precursor (0.306 g Cs 2 CO 3 , 2.8 cm 3 of OAc and 3.0 cm 3 ODE) and a PbBr 2 precursor (0.808 g PbBr 2 , 6.0 cm 3 OAc, 6.0 cm 3 ODE and 6.0 cm 3 OAm) were prepared. The injection of 4.0 cm 3 of the Cs-oleate precursor was carried out at 170 °C. The obtained yellow, highly luminescent nanocrystals were then purified to remove unreacted compounds, organics and excess ligands. The pure CsPbBr 3 nanocrystals were resuspended in 3.0 cm 3 of a 95/5 V/V% n-hexane/n-heptane mixture and were used as the stock solution for spin coating.
Preparation of ITO/CuI and ITO/CuI/CsPbBr 3 electrodes
The tin doped indium oxide (ITO) coated glass substrates (2.5 x 2.5 cm) were washed with soap, rinsed with DI water, sonicated in ethanol for 20 minutes and finally plasma cleaned for For the ITO/CuI electrodes, CuI was spin-coated from a 0.15 M CuI solution in acetonitrile. A dynamic coating procedure was used with a spinning speed of 1000 rpm and a duration of 1 minute (50 l stock solution/slide). The layers were annealed at 150 °C for 10 minutes.
For the ITO/CuI/CsPbBr 3 electrodes, the CsPbBr 3 layer was subsequently deposited on the previously prepared ITO/CuI electrodes. A dynamic coating procedure was used with a spinning speed of 5000 rpm and a duration of 30 seconds. The stock CsPbBr 3 solution was diluted to achieve the desired absorbance of the prepared layer. For the coating of the ITO/CuI electrodes 30 l of the diluted solution was used. The layers were annealed at 150 °C for 30 minutes to prepare bulk perovskite films. As a final step, the prepared ITO/CuI/CsPbBr 3 layers were washed with hexane to remove any remaining ligands from the electrode surface.
Electrochemical methods
All electrochemical measurements were performed with a Princeton Applied Research
PARStat 2273 potentiostat/galvanostat in a classical three electrode setup. The ITO/CuI electrodes functioned as the working electrode, a Pt mesh as the counterelectrode, and a Ag/AgCl wire as a pseudoreference electrode. All currents were normalized to the geometric surface area of the electrodes. All measurements were carried out in a 0.1 mol dm −3 solution of Bu 4 NPF 6 in dichloromethane. The calibration of the pseudoreference electrode was carried out versus the ferrocene/ferrocenium (Fc/Fc + ) redox couple (measured E Fc/Fc+ = 0.45±0.04 V).
Ultrafast spectroelectrochemistry
Ultrafast transient spectroelectrochemistry measurements were carried out with a Clark MXR-2010 laser system (775 nm fundamental, 1 mJ/pulse, FWHM=150 fs, 1 kHz repetition rate). Helios software package from Ultrafast Systems was used for data collection.
During transient absorption spectroscopy, the fundamental was separated in a 95/5 ratio to generate the pump and white light respectively. The 95% portion was doubled in frequency to generate a 387 nm excitation pump. The remaining 5% was used to generate the white light continuum via a CaF 2 crystal. A pump excitation of about 4 μJ cm -2 was used in all measurements. This was done to ensure that similar amounts of charge carriers were generated in each measurement. A three-armed electrochemical cell with a fused silica cuvette body was placed at the spatial overlap of the pump and the probe. The electrode was kept at a constant potential while the transient absorption spectra were recorded. 
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